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PROPERTIES OF ELECTRIC FIELD LINES | Recall o

»» Electric field lines always begin from a positive charge or infinity and
terminate on a negative charge or infinity.

»>» Tanegent at any point on electric field line gives the direction of electric field
and electric force at that pointi.e., known as electric lines of forces.

»»»> Electric field lines always represents net electric field.

»» Two electric field lines never intersects each other because at intersection
point there are two possible direction of electric field which is not possible.

»» If electric field line density is high, then intensity of electric field is high and
vice versa.

»> Electric field lines never exists in closed loop because it is a conservative force field
therefore work done in closed loop should be zero, which is not possible.

»» Number of electric field lines coming out and going in x Magnitude of charge.



AREA VECTOR
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Direction of Area Vector is always normal to the
surface.

N

Vector Quantity.

Sl Unit : m?

Consider one area vector direction as positive
and the opposite one as negative.




AREA VECTOR | OPEN SURFACES

> Allthe 2 — D surfaces are considered as open surfaces.

|
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»» 0Only one direction of area vector of an open surface is considered for a
particular problem.
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=\ A rectangle of length a and width b is placed in an x — y plane as shown. |}
= Find the area vector of the rectangle.

[ Solution ] J’A

The magnitude of area of a rectangle of length a and width
bis,A = ab

A 4

Since the rectangle is on xy-plane, the perpendicular
vector of the rectangle will be along the z-axis. Thus, the § Yo »

area vector of the rectangle is, A=+abk X
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A square of side 5m is placed as shown. Find the area vector of the [{}}
rectangle.
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[ Solution ]
D C

Ao=b A'ftuu{ Yed'amgq Zr = /_}E +* ?}3
=! —
A B

In this case,
A

Ap =51
AB = 5c0s37°1 + 5¢c0s90°f + 5sin37°k = 4T+3R i
Therefore, the area vector will be:
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A = A PAD
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AREAVECTOR | CLOSED SURFACES

»»  Allthe 3 — D surfaces are considered as Closed Surfaces.

> In closed surfaces, the direction of the area vector is always perpendicular to
the surface but the normal should be in outward direction.



FLUX | .

Itis a flow of a quantity through an area normal to it.

It gives an idea about the amount of energy crossing an area or idea about the number of lines
- crossing an area normal toit.

For liquid, the greater the velocity the more will be the flux. Similarly, the greater the area the

more will be the flux. -
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FLUX

Flux ofliquid =vA,

‘Where A, is the component of area which is perpendicular to the flow of the

liquid

 Flux of liquid =

vA cos @
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ELECTRIC FLUX ﬁ'

A
It is the measure of the net electric lines —_— /1
of force crossing a surface normal to it. AT
— E
~ Nm?

»» Sl unit: ”

C —_—
For uniform electric field:
The electric flux is given by, . —

- = ﬁ -
¢=E-4 S Az A

For non-uniform electric field: I —
The electric flux is given by, 4

¢=j§.dz

\ 4

For the given figure, the electric field is uniform.
> Electric flux through the area 4;: ¢, = E- A, = ¢, =EA;cos0°=EA,

> Electric flux through the area 4,: ¢, = E-A, ¢, =EA,cos0°=EA,
» Electric flux through the area As: ¢3 = E - A3 = ¢35 = EA3 cos 90° =
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-\ A circular disc of radius R is placed as shown. If the electric lines of [{}}
¢ force of strength E, crosses the disc surface at 37° then find the
electric flux through the surface of the disc.

[ Solution ]

The disc is a 2-D surface and hence, it is

[
an open surface. Thus, there will be two f)"v’/v
possible directions of area vector.

Let us choose the direction of the area
vector is along the upward direction.
Therefore, the angle between the electric
field line and the area vector is,

(90° = 37°) = 53°

In this case, the field lines are parallel. Hence, the electric field is uniform. Therefore, the
electric flux through the surface of the discis given by,

- - 3
¢ =E-A=EyAcos53° = Eo(ﬂRz)g
3

y)
¢ = gEo(ﬂRz) kil

3 2
¢ = EEOTL'R




.\ A circular disc of radius R is placed as shown. If the electric lines of
¢ force of strength E, are going in the direction as shown, then find the
electric flux through the surface of the disc.

[ Solution ] E,

According to the figure shown, the field lines are
parallel to the surface of the disc. Hence, no field lines
are able to cross the surface. Therefore, electric flux
through the surface of the disc will be zero.

In other words, since the field lines are parallel to the
surface of the disc, the area vector will be
perpendicular the electric field lines. Therefore,
electric flux through the surface of the disc will be,

¢ =E-A=EyAcos90° =

=y
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=\ A square of side 5m is placed as shown. If electric lines of force of |{})

 strength E = 2{+ 3j + 4k passes through the square, then find the
electric flux through it.

[ Solution ]ﬁ'

In this case,
A

Ap =51 |
AB = 5¢c0s53°{ + 5c0s90°] + 5sin53°k = [3 ’+48)
Therefore, the area vector will be:
5z AB t AD
= (37+aR)* 51
- (,51(/\- 20 i\ )
Hence, the electric flux through the surface is:
Cp:-g{_/:l, = (.1?‘)-35\""19)[15?-20?)
= ~40 t6o ¢ =20

— 20 pN-m*
—
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ELECTRIC FLUX | CURVED SURFACES
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For curved surfaces, the angle between the electric field d

and the area vector changes at every point on the surface. / A_)
Thus, the electric flux through the surface can be found as, %E

(cp:jﬁ.d_/f %




disc due to the charge Q.
[ Solution ]

: : . . : g -
Since the distance of Q from different points on the disc ) ( -
are different, the electric field on different points on the AT

disc due to the point charge Q will also be different. Q"\b ......................
Consider an elementary ring of radius x and thickness |

=\ A charge Q is placed on the axis of a disc of radius a at a distance d |}
< from the center of the disc as shown. Find the electric flux through the

N

dx. Therefore, the area of the ringis, - e = cl#- ) d
The distance of the charge Q from the top of thering is,

r=ViZh @

Therefore, the electric flux through the elementary ring due to the charge
IS given by,

olg= Edn G»a
Now, cos 8 =
Thus

d KE mhwl* d
? (n*rd) {A7<d®

x2+4d2
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Therefore, the total flux through the disc will be,

Q

47'[80

br =

x dx

a
2nd
& ﬁ,(x2+

j‘ x dx
280 (x2 + d?)3/2

Let,

airols ¢

Al = Ztoll-

xdx =tdt

Therefore,
- Qd ]"dZJ’aztdt
= -

 2g9 )4

- Qd j\/d2+a2 dt
T —
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ELECTRIC FLUX - | CLOSED SURFACES

For closed surfaces, the electric flux through the
surface can be found as,

.. (9” —fﬁd—A’J
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-\ A cube of side [ is placed as shown. If electric lines of force of strength [{}}

E=E, () passes through the cube, then find the net electric flux
through it. S

[ Solution ] ﬁ'

The area vector S, S4, Ss and Sg are perpendicular

to the electric field E,. Hence, the electric flux
due to these surfaces are zero.

. S
a , S B 9
The area vector S; is parallel to the electric field E,. Therefore, z | —°
the electric flux due to this surface will be: / \§5_ e
- - IT —————
$,=E-A E \ X
= ¢, =E,Acos0°=E,A=E,(1?) X l |
Q:E'O'a!?:(l) S l
The area vector S, is anti-parallel to the electric field E,. Therefore, the u S4
electric flux due to this surface will be:
¢, =E-A Eo Ll
= ¢, = E,Acos 180° = —E A = —E, (12) e Gnet =0
Therefore, the net electric flux (¢, + ¢,) through the C
cube is zero.

Q = %.’1 ("‘)
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A prism shaped block is placed as shown. If electric lines of force of [{}}

strength E = E, { passes through the block, then find the net electric
flux through it. A

Solution ] ﬁ' | C i}

AN

e

- D=
Cb: \
(e 0 E =
! b .
{ am— B
3 > =
The area vector of the surface ABCD is .
anti-parallel to the electric field E, . C
Therefore, the electric flux due to this
surface will be: Ax
¢, =E-A 7 &7

= ¢, = E,Acos180° = — E,A = — E(ch)

Since the surface ABF, CDF and ADEF are parallel to the electric field E, which means that the area vector

of each of these surface will be perpendicular to the electric field. Therefore, the electric flux through
these surfaces will be zero.
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The magnitude of area of the surface BCEF is,

A = b+/c? + a? 0

Therefore, the electric flux due to this surface will be; p

d=E-A a
= ¢ = E,bVc? + a? cos(90° — 0)

= ¢ = E,bVc? + a?sinf
- Dret =

A
A 4

o 2 2
=>¢ =E,bVc +a K

= ¢ = E,(cb)
Therefore, the net electric flux through the cube s, (¢; + ¢) =0
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A square of side [ is placed in electric lines of force of strength [{}}

* E = ax (1) passes through the cube, then find the electric flux through
It.

[ Solution ]

Since the electric field is E = ax (1), the surface BCGF, CFED,
DAHE and ABGF are parallel to the electric field E which means

that the area vector S;, S, Ss and S, will be perpendicular to the
electric field. Therefore, the electric flux through these

surfaces will be zero.
The surface EFGH is located at x = [. Thus, the electric field

will be, E = al (i) . Now, the area vector of this surface i.e., S, is

parallel to the electric field E. Therefore, the electric flux due
to this surface will be:

N 3
- - T
= ¢1 = FEAcos0°=FEA = al(lz) SE

—

—~+—qaql=E

/




The surface ABCD is located at x = 0. Thus, the electric field will

v, I
be, E = 0 (1) . Now, the area vector of this surface i.e., S, is anti-

parallel to the electric field E. Therefore, the electric flux due
to this surface will be:

C
— o — 2 ==0 }A- -
= ¢, = EAcos 180 0 J.e——- ___.1; 5,
0 | >
/ . N\ 5 ELE
X \ X
Therefore, the net electric flux through the cubeis, |
d=¢1+ ¢ =al’ '
A S4

Pnet = al’




